BACKGROUND: There is much attention to recruitment of diverse populations in research, but little is known about the influence of health literacy and numeracy skills. OBJECTIVE: To determine if health literacy and numeracy affect individuals' interest to participate in research studies. DESIGN: Cross-sectional survey data were pooled from 3 large studies conducted in the Mid-South Clinical Data Research Network. PARTICIPANTS: Adult patients enrolled in 1 of 3 MidSouth Clinical Data Research Network studies.
INTRODUCTION
Medical research is crucial to developing new and effective health care interventions. However, without the inclusion of diverse populations, such interventions may not be broadly generalizable. To help guide recruitment efforts, it is important to understand what factors are associated with patients' interest in participating in various forms of medical research. Some aspects of the research itself (e.g., time commitment, study procedures, and/or topic of investigation) affect interest in research participation. [1] [2] [3] Additionally, sociodemographic factors such as age, race, gender, education, and income can play a role. [4] [5] [6] [7] [8] However, little is known about the influence of health literacy and numeracy skills on interest in research participation.
Approximately one-third of adult Americans have limited health literacy or numeracy skills. 9 Health literacy is "the degree to which individuals have the capacity to obtain, process, and understand basic health information and services needed to make appropriate health decisions." 10, 11 Numeracy is "the ability to understand and use numbers in daily life." 12 Both health literacy and numeracy affect patients' understanding and management of their medical conditions, as well as decision-making preferences. 13, 14 In the research setting, we have previously demonstrated that health literacy is an important predictor of consent comprehension 15 and study followup. 16 Only one small analysis has linked health literacy to research participation, finding unexpectedly that patients who incorrectly interpreted a medication label were more likely to participate in a behavioral intervention study. 2 The association of health literacy and numeracy with research participation interest across various types of research has not been examined, nor have health literacy and numeracy been evaluated together to establish their relative contributions.
Due to the high prevalence of limited health literacy and numeracy skills, it is important for researchers to understand the roles of health literacy and numeracy, and to tailor research recruitment strategies appropriately, particularly as the growing prominence of learning health systems may expand research opportunities in routine care. 17 We examined the independent association of patients' health literacy and numeracy with their interest to participate in various types of research in a large pooled sample of adults.
METHODS

Setting and Population
The Mid-South Clinical Data Research Network (CDRN) is a collaboration focused on improving population health. 18 At the time of this study, it included the Vanderbilt Health System, Vanderbilt Health Affiliated Network, Meharry Medical College, and Greenway Health. The present analysis uses pooled data from adult participants who enrolled in one of the following Mid-South CDRN studies: Coronary Heart Disease, Healthy Weight, or Stakeholder Engagement. 19 The Coronary Heart Disease team surveyed adult patients identified through a validated claims-based algorithm for coronary heart disease. 20 Recruitment focused on patients who received care in the cardiology clinics at Vanderbilt University Medical Center (VUMC) or affiliated sites, and had clinical contact with VUMC within the past 2 years. Surveys were administered via in-clinic contact, mail, telephone calls, or email through My Research at Vanderbilt, an opt-in research portal.
The Healthy Weight team recruited from 7 VUMC internal medicine clinics, an affiliated clinic in middle Tennessee, and 7 national clinics that are part of the Greenway Health network. Participants were eligible if they had at least 2 weight and 1 height measurements in their medical chart after April 30, 2009 . Enrollment methods included electronic outreach through My Research at Vanderbilt, ResearchMatch (an online research registry), 21 or direct email, as well as in-clinic recruitment.
The Stakeholder Engagement team recruited a diverse sample to understand attitudes towards research, identify barriers to participating in research, and determine research priorities for the network. The team administered surveys electronically using ResearchMatch and My Research at Vanderbilt and inperson to community members in local clinical and nonclinical community settings.
Study Design
All three studies were cross-sectional. Each study's design and conduct was informed by community members and patients using Community Engagement Studios. 22 Each of the surveys was designed to be administered to a large sample while minimizing burden to respondents and to the setting, and thus, preference was given to short validated measures when available. Survey responses were collected using Research Electronic Data Capture (REDCap), 23 a secure, web-based application. The Vanderbilt Institutional Review Board (IRB) approved each study. Participants provided electronic or written informed consent.
Data Availability. The datasets analyzed during the current study are available from the corresponding author on reasonable request.
Data Collection
Although each survey had distinct domains, they shared certain common elements-demographics (age, race/ethnicity, gender, income, marital status, household size, employment status, and education), health literacy, numeracy, prior research participation, and interest in participating in future research-which were pooled for this analysis.
Health literacy was assessed using the validated 3-item Brief Health Literacy Screen (BHLS), which significantly correlates with objective measures of health literacy and has demonstrated predictive validity in other studies. [24] [25] [26] Each question has 5 response options and the responses are summed to get a final health literacy score of 3-15, with higher scores indicating higher health literacy. The questions are as follows: "How confident are you filling out medical forms by yourself?", "How often do you have someone help you read hospital materials?", and "How often do you have problems learning about your medical condition because of difficulty understanding written information?" Numeracy was measured using a validated 3-item version of the Subjective Numeracy Scale (SNS-3), 27 which is a shortened version of the full Subjective Numeracy Scale (SNS). 28 The SNS-3 is significantly associated with an objective measure of numeracy, the Wide Range Achievement Test. 27 The SNS-3 asks patients to self-report their ability to work with fractions, calculate the final purchase price of an item with a 25% discount, and how often they find numerical information useful. Responses range from 1 to 6, with higher numbers representing higher confidence, and are added for a score of 3-18. The Stakeholder Engagement survey used the same SNS-3 questions but with 1 to 5 response options, which were transformed for data pooling in the following manner: 1 = 1, 2 = 2.25, 3 = 3.5, 4 = 4.75, and 5 = 6.
Interest in research participation was evaluated with a 7-item questionnaire developed by a PCORnet task force. 29 It ask about various types of research, ranging from survey completion to overnight hospitalization (see Table 2 for full questionnaire and Appendix for additional information about its development). The 3-item response scale ranges from 1 ("not interested") to 3 ("very interested"). Adding the responses together created an index from 7 to 21, where higher scores indicate more interest in research participation. We calculated Cronbach's alpha to assess the level of internal consistency of the new index and performed a principal components factor analysis.
Data Analysis
Data were cleaned and analyzed using Stata, version 13.1 (StataCorp LP, College Station TX) and SPSS version 23.0 (IMB Corp, Armonk, NY). Because patients may have participated in more than one of the surveys, duplicate records were identified and removed, keeping each participant's first completed survey. Surveys that were missing a response to one or more of the research participation items (the study outcome) were excluded from analysis.
Frequency and descriptive statistics including mean with standard deviation (SD) and median with interquartile range (IQR) were calculated. Unadjusted and adjusted linear regression models examined associations between the interest in Research Participation Index and the following predictors: health literacy, subjective numeracy, age, race, household density, previous participation in research, gender, education, income, employment status, and marital status. Multiple imputation using Monte Carlo techniques was used to account for missing responses in covariates. We also performed a secondary analysis using unadjusted linear regression to examine the association of individual items in the Research Participation Index with the two predictors of greatest interest, health literacy and subjective numeracy. A two-tailed p value < 0.05 was considered statistically significant.
RESULTS
The response rate for the different surveys was 16.2% for Healthy Weight, 45.7% for Coronary Heart Disease, and 42.7% for Stakeholder Engagement. The pooled sample from all three groups included 19,098 records; of those, 1253 records were identified from individuals participating in more than one survey and were removed. Of the 17,845 unique participants, 1872 did not answer all 7 Research Participation Index items and were therefore excluded from analyses. Thus, the final analytical sample included 15,973 participants (Fig. 1) .
Participants (N = 15,973) were predominately women (65.5%), White (81.4%), and middle aged (M = 52.8 years, SD = 16.5); 32.4% had previously participated in research (Table 1) . About 25% reported earning less than $35,000 per year, the average household size was about 2.4 people (SD = 1.2), and over 50% reported attaining at least a college degree. Self-reported health literacy skills were relatively high (M = 13.5 out of 15, SD = 2.1); subjective numeracy skills were lower relative to the scale's maximum score (M = 14.3 out of 18, SD = 3.6).
When asked about interest in participating in specific kinds of research, many respondents indicated being "very interested" in research that involves completing surveys (53.3%), participating via phone or internet (40.0%), or giving a blood sample (37.2%) ( Table 2) . People were less interested in research that involves taking a medication (14.5% very interested), meeting in a community center or school (15.8%), including family members (16.5%), or staying overnight in a hospital (12.1%). The composite score on the 7-item interest in Research Participation Index ranged from 7 to 21 (M = 13.8, SD = 3.6) and followed a normal distribution. The index demonstrated high internal consistency reliability (Cronbach's alpha = 0.86) and a single-factor solution (results not shown).
In unadjusted analyses (Table 3) , higher health literacy, higher numeracy, younger age, and previous research experience were each significantly associated with greater interest in research participation (p < 0.001 for each). Relative to non-Hispanic Whites, Hispanics indicated greater interest in research participation (p < 0.05), while interest was lower among Asian (p < 0.05) and multi-racial (p < 0.001) groups; no significant difference was observed between non-Hispanic Whites and Blacks. Compared to those with more than a college degree, there was significantly lower interest in research participation among people who had a high school degree or less (p < 0.001); however, those with some college had higher interest (p < 0.001). In most income brackets less than $100,000, there was also more interest in research participation relative to those making more than $100,000 (p < 0.05 or p < 0.001). Compared to those who were employed, those who were unemployed or disabled (p < 0.001) had more research participation interest while those who were retired had less interest (p < 0.001). Compared to those who were married, those who were divorced or separated were more interested in research participation (p < 0.001) while those who were widowed were less interested (p < 0.001). Household density and gender were not associated with interest in participating in research. In adjusted analyses (Table 3) , higher health literacy (p < 0.001), higher numeracy (p < 0.001), younger age (p < 0.05), and prior research experience (p < 0.001) remained independently associated with more interest in research participation. Asians were less interested in research compared to non-Hispanic Whites (p < 0.05). Compared to people with more than a college degree, research interest was lower among those with only a high school degree (p < 0.05), but significantly higher among people with some college but no degree (p < 0.001). Relative to those with income of $100,000 or more, all lower income brackets expressed greater interest in research participation, with the greatest interest observed among the lowest income groups. Those who were unemployed or had disabled status had greater interest than those who were employed (p < 0.001). Finally, compared to married respondents, those who were divorced/ separated had greater interest, and those who were widowed or never married had less interest in research (p < 0.05).
In a secondary analysis, health literacy and numeracy were individually associated with 6 of 7 items in the Research Participation Index (p < 0.001 for each comparison, see Appendix Table 4 ). For studies that would involve completion of surveys or communicating by phone or internet, health literacy and numeracy were strongly associated with participation interest. For studies involving less communication (e.g., giving blood or taking a medication) a weaker, but still significant, association with health literacy and numeracy was present.
DISCUSSION
In this large pooled sample study, we found that health literacy and numeracy were each independently associated with people's interest in participating in future research studies. Health literacy and numeracy retained a predictive relationship with research interest even in models adjusted for age, race, education, and income (factors known to predict research interest). To our knowledge, this is the largest investigation to date in this area, as well as the first study to examine both health literacy and numeracy in this context.
There are several possible explanations for these findings. Because patients with low health literacy or numeracy have greater difficulty understanding health-related information, they may be apprehensive about understanding expectations and risks of research. Indeed, prior research has shown that patients with low health literacy have greater difficulty understanding informed consent for research studies, even when information is presented orally and other steps are taken to simplify the process, such as use of visual aids and teachback. 15, 30 Further, patients with lower health literacy or numeracy skills may avoid situations which would require use of these skills. Our study found some evidence to support this in secondary analyses which showed that interest in forms of research with greater communication-related demands (e.g., surveys, engaging with health advice via phone or internet) had the strongest associations with health literacy and numeracy. Similar to previous studies, 31 our results also indicated that health literacy and numeracy maintained distinct effects on research participation interest. While health literacy encompasses an individual's ability to obtain, understand, and act on health information, health numeracy is a specific aspect of health literacy that involves an individual's interactional ability with quantitative information. 32, 33 In the context of research participation, health literacy may relate to understanding the research topic and general requirements for participation, while numeracy may involve one's ability to quantify the risks and benefits of participation as well as problem solving participation alternatives.
Interestingly, we found that, even after adjustment for educational attainment, individuals with lower household income were more interested in participating in research, along with those who were either unemployed or unable to work/disabled. Previous studies have generally not shown this relationship, 34 though in one recent study, parents of young children with an annual household income of $25,000-$50,000 were more likely to indicate willingness to participate than parents with an annual household income of more than $75,000. 35 Our findings suggest that individuals from lower socioeconomic strata may be willing to participate, and researchers should continue to pursue recruitment from these traditionally underserved populations. Indeed, there is some evidence that the financial remuneration opportunities available through clinical research may make participation more attractive to patients with lower socioeconomic status (SES). However, community feedback is necessary to ensure financial incentives are not excessive to unduly influence participation. 36 Previous studies have shown that African Americans, Latinos, and Asians are less likely to participate in research. 37 In one study of an urban African American population, this was attributed to a lack of perceived trust with medical institutions. 34 However, we did not observe less interest in research among African Americans and Latinos in adjusted analyses. The most likely explanations are that our sample had a relatively high level of educational attainment, and our data necessarily came only from individuals who had agreed to participate in a survey. Thus, they had already crossed a threshold to participate in research. Such individuals may have lower levels of mistrust and more altruistic views on research, and thus demonstrated no difference when compared to White participants in their interest to participate in future research studies.
Strengths of the present study include subject recruitment from diverse sites, including academic medical clinics, communitybased practices, community health centers, and non-clinical community settings. This resulted in a large population, with different levels of experience and exposure to research.
Several limitations were present. First, the outcome represents a self-reported interest in research participation, rather than actual participation. Assessing willingness permitted a larger and more efficient exploration of the subject, but it is unclear whether the findings would translate to actual research participation. Second, as noted above, the data are from individuals who had already consented to participate in a survey. Thus, the findings are subject to selection bias and may not generalize to research-naïve populations. Third, owing largely to the greater use of electronic recruitment strategies, the enrollment rate was lower for the Healthy Weight cohort compared to that of the cohorts for Coronary Heart Disease and Stakeholder Engagement. An evaluation of non-response bias using inverse probability weighting indicated the sociodemographics of each study were similar, and the composition of the overall recruited population and the population seeking care across the MidSouth CDRN were also similar. 19 Fourth, while our study sample was reflective of the patients who seek care as part of the Mid-South CDRN, our sample was mostly White, very few were unemployed, most had at least some college, and subjective health literacy and numeracy were high. This may limit generalization of our findings to broader populations. Nonetheless, health literacy and numeracy continued to be independently associated with willingness to participate in research in this sample even after adjustment for ethnicity/race and socioeconomic factors. Additional research is needed to understand if this association persists (or may be even stronger) among those with lower literacy and numeracy and in more ethnically, racially, and socioeconomically diverse groups. Finally, we used validated subjective measures of health literacy and numeracy for their efficiency in this large population-based study. Subjective measures may over-predict actual skill levels, and the estimates of observed effect would likely differ somewhat if different measures were selected.
Recruitment of diverse populations in research is of critical importance to enhance the generalizability of findings and applicability to at-risk populations. We demonstrated that adults with low health literacy or numeracy are significantly less interested in participating in research. These factors are more prevalent among racial and ethnic minorities and individuals with lower SES. Efforts to make research more accessible to all populations via effective health communication may increase interest in research participation among minorities and low SES groups. 38 For example, in-person recruitment, verbal instructions, and verbal completion of questionnaires may increase willingness to participate. When in-person and/or verbal interactions are not feasible, additional attention to the grade level of written materials along with their suitability may foster potential participant understanding of the research and thereby increase interest. Researchers who engage low health literacy and numeracy participants should remain attentive to effective health communication throughout the research process (i.e., from recruitment and informed Values represent β (95% CI) *p < 0.05; **p < 0.001 consent to in-study communication and dissemination of results). Such attention will help ensure all participants have the opportunity to understand, interact with, and benefit from research, thereby increasing future research interest in the study participants and their communities.
